Objectives-To evaluate the effects of chronic exposure to lead on the peripheral nervous system in lead workers. Methods-Nerve conduction velocity and electromyographic studies were performed on 31 lead workers of a battery recycling factory and 31 sex and age matched controls. 25 cases with mild distal extensor weakness of the upper limbs were classified as the lead neuropathy subgroup and the rest of the lead workers as the lead exposure subgroup. The peripheral nervous system is a major target organ in lead intoxication. An outbreak of severe neuropathy due to lead intoxication has been reported in Taiwan,' but overt lead poisoning is now uncommon in developed countries due to an improvement in occupational hygiene and medical surveillance. The neurotoxic effects of long term increased lead absorption in asymptomatic lead workers has become a major concern in past decades. Measurement of nerve conduction velocities (NCVs) and electromyography (EMG) have been used for this purpose. However, results of the NCV studies were inconsistent among different investigators. Some authors found a significant slowing of NCVs2-15 whereas others were unable to show such changes.l 1l8 Such a variation is probably due to methodological differences in choice of nerves, examination techniques, and analytical methods.7 Baker et al proposed to abolish this inconsistency with a well designed prospective study and standardised techniques. Denervation changes found by EMG were reported to be probably important neurophysiologically in the absence of alteration of NCVs. Combined use of EMGs and NCVs to evaluate subclinical lead neuropathy has rarely been mentioned in the scientific literature. In our study, we applied a prospective electrophysiological study in 31 lead workers to determine the NCVs and EMGs in the lead workers and to assess the relation between these electrophysiological changes and concentrations of blood lead (PbB) and index of cumulative exposure to lead (ICL).
Objectives-To evaluate the effects of chronic exposure to lead on the peripheral nervous system in lead workers. Methods-Nerve conduction velocity and electromyographic studies were performed on 31 lead workers of a battery recycling factory and 31 sex and age matched controls. 25 cases with mild distal extensor weakness of the upper limbs were classified as the lead neuropathy subgroup and the rest of the lead workers as the lead exposure subgroup. Blood lead concentrations and haematological and biochemical data were recorded. An index of cumulative exposure to lead was calculated by the summation of multiplying the average blood concentration of lead with the duration of exposure at various jobs. Results-Compared with the control group, the distal motor latency of the median nerve was significantly prolonged in the lead neuropathy subgroup, but not in the exposure subgroup. Only six of 31 workers had nerve conduction abnormalities, whereas electromyographic evidence of denervation was found in 93.5% of the lead neuropathy subgroup and 83-5% in the lead exposure subgroup. The electromyographic abnormalities found were neurogenic polyphasic waves in all 29 workers with abnormal electromyographic findings (grade +++ in seven cases and grade ++ in the rest). Spontaneous activity was only recorded in seven workers, with grade + in four and grade ++ in three. There was a positive linear correlation between the index of cumulative exposure to lead and the distal motor latencies of the tibial nerve as well as a negative correlation with conduction velocities of the sural nerve after multivariate analysis and control of potential confounding by age The peripheral nervous system is a major target organ in lead intoxication. An outbreak of severe neuropathy due to lead intoxication has been reported in Taiwan,' but overt lead poisoning is now uncommon in developed countries due to an improvement in occupational hygiene and medical surveillance. The neurotoxic effects of long term increased lead absorption in asymptomatic lead workers has become a major concern in past decades. Measurement of nerve conduction velocities (NCVs) and electromyography (EMG) have been used for this purpose. However, results of the NCV studies were inconsistent among different investigators. Some authors found a significant slowing of NCVs2-15 whereas others were unable to show such changes.l 1l8 Such a variation is probably due to methodological differences in choice of nerves, examination techniques, and analytical methods.7 Baker et al proposed to abolish this inconsistency with a well designed prospective study and standardised techniques. Denervation changes found by EMG were reported to be probably important neurophysiologically in the absence of alteration of NCVs. Combined use of EMGs and NCVs to evaluate subclinical lead neuropathy has rarely been mentioned in the scientific literature. In our study, we applied a prospective electrophysiological study in 31 lead workers to determine the NCVs and EMGs in the lead workers and to assess the relation between these electrophysiological changes and concentrations of blood lead (PbB) and index of cumulative exposure to lead (ICL).
Materials and methods

SUBJECTS
Thirty one lead workers (28 men and three women) from a battery recycling factory were included in this study. Their mean (range) age was 39 4 Nerve conduction velocity study With conventional techniques, motor nerve conduction was studied on the median and the ulnar nerve (elbow to wrist) and the peroneal and the tibial nerve (knee to ankle). The absolute latency and the amplitude of the compound muscle action potential were measured and the motor conduction velocity was calculated. The median and the ulnar (wrist to finger) and the sural (midcalf to ankle) nerves were studied for antidromic sensory conduction. The amplitude and the absolute latency of the sensory action potential were measured for analysis. Nerve conduction values outside the absolute range of our laboratory norms were considered abnormal. Nerve conduction velocity, distal latency, and amplitude of the action potential were evaluated in all the sampled nerves.
Electromyography study
The concentric unipolar recording technique was used to obtain EMGs of the bilateral extensor indicis proprius and the first dorsal interossei muscles. Spontaneous activity during relaxation of the sampled muscles (including fibrillation potentials, positive waves, and fasciculation potentials) were carefully scored as + for one, ++ for two, +++ for three, and ++++ for four or more episodes of sponta- Tables 2 and 3 show the results of NCV studies in the lead workers and the matched ,ug/dl. Similarly, there were no significant differences between the workers who were exposed to lead for more and less than two years. The clinical neuropathy subgroup had a significantly higher ICL than the lead exposure subgroup. Likewise, the ICL of the workers with definitely abnormal NCVs was also higher than that of the workers with normal NCVs. Table 4 summarises the results of a multivariate multiple regression analysis to control two potential confounding factors: age and sex. We found a consistent positive association between the ICL and the distal motor latencies of tibial nerves as well as a significant negative association between the ICL and the In developed countries, occupational exposure to lead is almost adequately controlled and patients with overt lead neuropathy are relatively rare.22 Early detection of subclinical neuropathy in asymptomatic workers has therefore become a main focus in occupational medicine. It has been suggested that the study of NCVs might be useful in the early detection of lead poisoning. After a critical review and meta-analysis on NCVs in 32 studies on asymptomatic lead workers, Davis and Svendsgaard concluded that there were no substantive differences in NCV between the asymptomatic workers and normal controls.2 Because of wide ranges of the NCVs in the normal subjects and no consistent abnormalities in the NCVs of the lead workers, evaluation of NCVs seems impractical for early detection of lead neuropathy.
In the reported nerve conduction studies on patients with lead neuropathy, not all the common neurographic variables-that is, NCV, distal latency, and evoked amplitudewere included in the analysis of the electrophysiological results. Moreover, nerves sampled were mainly in the upper limb. Slowing of the NCV was the only possible abnormal finding mentioned in these reports. We have studied motor and sensory nerves in the upper and lower limbs and analysed all the variables. Mean distal motor latency was mildly prolonged in workers with clinically overt lead neuropathy. The mean NCV did not differ from that in the normal controls, although five cases had abnormal NCVs. In the lead exposure subgroup of our study, there was no significant slowing of NCVs.
In 31 asymptomatic lead workers, Seppalainen and Hernberg found abundant abnormal EMGs that included fibrillation and diminished number of motor units.'5 Signs of denervation on the EMG with increased polyphasic potentials were present in seven out of 20 cases in Buchthal and Behse's study6 and in four out of 38 cases in the study of Corsi's group.3 In an extensive review of neurophysiological studies in asymptomatic lead workers, Ehle reported that there was consistent evidence of denervation in the EMG study.23 As for the EMGs in our lead neuropathy subgroup, 24 out of 25 cases (96%) had neurogenic polyphasic waves and 24% had spontaneous activities. Five out of these six workers in our lead exposure subgroup also showed signs of denervation on the EMGsneurogenic polyphasic waves with or without spontaneous activities. Of these two variables, spontaneous activity is a specific indicator of an active change in denervation and the neurogenic polyphasic wave is suggestive of a relatively chronic denervation process. As the disease progresses to the chronic state, the spontaneous activity will become less prominent and be replaced by polyphasic waves.24 So the polyphasic wave is the main variable on EMGs that can evaluate this chronic effect of lead neurotoxicity. Our neurophysiological findings were similar to those reported by Ehle23 and Beritic.2' As we also could not show a significant difference in NCVs between the workers and the controls, it seems that the study of EMGs may be an alternative tool for the early detection of subclinical lead poisoning.
Jeyaratnam et al proposed that the distal segment of the peripheral nerves should show the earliest change.8 He also suggested that the distal latency is a sensitive indicator of lead neuropathy. Our findings show that early conduction abnormalities in lead neuropathy are manifest by prolonged distal latencies rather than a slowing of NCVs. These changes in latency were less prominent than the abnormalities of the EMGs.
The disproportionately higher prevalence of evidence of denervation on the EMGs in contrast with the subtle changes in NCVs in lead workers strongly argues in favour of the "anterior horn cell" origin of neurotoxic action of lead. This is also documented in histopathological studies5 6 21 22 and suggests that EMGs are good early indicators of the effect of lead on the nervous system. Thus EMGs may be used in future industrial monitoring of lead workers. In our series, the neurophysiological findings did not show any significant association with PbB or the duration of exposure. A lack of positive correlation was also described in most other studies.2 Davis and Svendsgaard mentioned several factors contributory to the complex relation between PbB and variables of NCVs.2 First of all, PbB is a reliable indicator only for recent or current exposure and cannot be used to represent a chronic effect of exposure to lead. The selective loss of follow up in workers with high PbBs for various reasons and the interactive effects with antagonists such as zinc have also been mentioned as important influential factors. Nevertheless, the ICL in this paper may be an optimal estimate of chronic exposure to lead in the past. Because the ICL showed an association with the electrophysiological data after control of confounding by age and sex, we think that ICL may be a supplementary predictor for industrial monitoring of chronic neurotoxicity due to lead. As 90% of total body lead accumulates in the skeleton and the turnover time of skeletal lead is about 20 years, direct detection of concentrations of skeletal lead should be a good way to estimate the total body burden of lead.2225 The x ray fluorescence technique may serve as an acceptable indicator of the body burden of lead and a useful technique for lead screening purposes. As the technique involves a subject's exposure to radiation, calculation of ICL based on a careful field study in the working environment would be an alternative, although not so accurate for estimation of chronic exposure to lead.
There have been increased abnormal NCVs in lead workers who had PbB within the range of 30-70 ,ug/dl in the past.4 59122026 In our study, abnormal EMGs occurred in subclinical lead workers with PbB between 17-4 and 58 ,ug/dl. As we have not found any clinical symptoms among lead workers who had already shown objective changes of muscle power on electrophysiological examination, we recommend that the industrial monitoring of the neurotoxicity of lead in workers should be more careful. Probably, the safe PbB for occupational exposure should be revised. 27 Supplementary monitoring by EMGs may also be warranted to control this ancient industrial hazard.
